Data and analysis script to reproduce our results are available on the open science framework: <https://osf.io/zpvns/?view_only=d1b01be029414512ad835db6192695cd>.

Introduction {#sec001}
============

Experiences shape who we are, whether it is big breaks in our biography or minor cumulative events. However, people vary markedly in how strongly they are affected even by the same events. In the face of trauma, some are vulnerable to post-traumatic stress, while others are resilient. Some are exalted by personal achievements, compliments or novel sensations, while others remain even-minded. This variability poses a fundamental challenge to our understanding of personality, human development, and the etiology of mental disorders.

Differential susceptibility theory offers a framework to understand these individual differences \[[@pone.0237001.ref001]\] (for related for related theoretical accounts see also \[[@pone.0237001.ref002], [@pone.0237001.ref003]\]). While classic diathesis-stress models aim at explaining why some people are more *vulnerable* to negative events than others, the theory posits that some factors make people more *susceptible* to both positive and negative events. The theory\'s inception was largely motivated by evolutionary considerations \[[@pone.0237001.ref004]\]. Genes are the prototypical invariant traits to explain why people are differentially affected by environmental influences \[[@pone.0237001.ref005]\] and therefore represent a central aspect of personality and affective science \[[@pone.0237001.ref006]\].

For affective vulnerability, substantial research described its relationship to both genetics and personality: Affective reactivity to negative events appears to be largely inherited \[[@pone.0237001.ref007]\], relatively stable over time \[[@pone.0237001.ref008]\], and fundamentally connected to trait neuroticism \[[@pone.0237001.ref008]--[@pone.0237001.ref010]\]. Linking these components, there is evidence that the relationship between neuroticism and the variability of negative affect in everyday life is in part due to genetic influences \[[@pone.0237001.ref011]\]. However, these findings concern only the negative spectrum of experiences. The differential susceptibility perspective is less well researched, despite heritability coefficients simulated from differential susceptibility theory being compatible with heritability coefficients usually observed in twin studies \[[@pone.0237001.ref012]\].

Molecular genetics is integral to follow up the evidence from heritability studies by answering not only *if*, but *how* genes are related to specific aspects of personality \[[@pone.0237001.ref006]\]. Most importantly, understanding concrete genes related to the activity of specific neurotransmitters helps elucidate the role of larger scale neurobiological systems. The serotonin system has emerged as one of the most promising biological substrates of differential susceptibility \[[@pone.0237001.ref013]\]. Most serotonergic neurons originate from the raphe nuclei in the brainstem and project to many distinct brain regions \[[@pone.0237001.ref014]\]. Due to this combination of a regionally highly restricted origin and a large network of projections, the serotonin system is in an excellent position to mediate broad valence-general responses to external events, in favor of serotonin being a simple neural substrate of good-versus-bad mood as often claimed \[[@pone.0237001.ref013], [@pone.0237001.ref015]\]. Fittingly, one of the first potential susceptibility gene variants considered was the serotonin-transporter-linked polymorphic region (*5-HTTLPR*; \[[@pone.0237001.ref001]\]).

The *5-HTTLPR* originally became the poster-child for vulnerability genes when the Dunedin longitudinal study found that the short version of the gene (S) exacerbated the effect of child maltreatment on depression, compared to the long version (L) \[[@pone.0237001.ref016]\]. It consists of a 43 base pair insertion/deletion polymorphism in the promotor region of the serotonin transporter gene (SLC6A4) which influences the efficiency of serotonin reuptake from the synaptic cleft, with the L-variant leading to a more efficient reuptake through higher serotonin transporter gene transcription rates \[[@pone.0237001.ref017]\]. Unfortunately, replication studies and several meta-analyses produced conflicting results \[[@pone.0237001.ref018], [@pone.0237001.ref019]\], often attributed to false positives as a consequence of low statistical power \[[@pone.0237001.ref020]\]. Beyond depression, however, there is evidence that the *5-HTTLPR* can also increase the affective responses to positive environment \[[@pone.0237001.ref021]\] and several more process-oriented meta-analyses indicate that the *5-HTTLPR* plays a role in more basic physiological reactivity and affective functioning, even when publication bias is considered \[[@pone.0237001.ref022]--[@pone.0237001.ref024]\]. These robust effects corroborate that the *5-HTTLPR* is a viable candidate to test competitive theories concerning the function of the serotonin system.

The hypothesis that the *5-HTTLPR* might actually be a susceptibility factor, and not merely a vulnerability factor, was mainly conceived based on two observations \[[@pone.0237001.ref025]\]: First, most studies focused on the influence of adverse environments (e.g. maltreatment) on negative outcomes (e.g. depression), neglecting positive aspects on both sides of the equation (e.g. family coping resources and sense of coherence). Second, most studies did not further examine that carriers of the S-allele not only reported more depressive symptoms when they experienced many severe stressors, but S-allele carriers also reported fewer depressive symptoms when they experienced very few stressors. Since then, formal statistical criteria emerged to differentiate between vulnerability and differential susceptibility \[[@pone.0237001.ref001], [@pone.0237001.ref026]\] (see [Results](#sec009){ref-type="sec"} section for details). Still, to date, the evidence is unclear as meta-analyses have not provided unequivocal evidence that the *5-HTTLPR* is a differential susceptibility factor. One meta-analysis found that negative developmental environments increased the likelihood of negative outcomes for carriers of the S-allele, compared to L/L-carriers, but did not find a robust overall effect of positive developmental environments \[[@pone.0237001.ref027]\]. Another meta-analysis based on randomized controlled experiments did not show a significant difference in differential susceptibility for the 5-HTTLPR \[[@pone.0237001.ref028]\]. Interestingly, they observed that the pooled effect size of different hypothesized susceptibility genes depended on the timescale of measurements, with the largest effects for interventions which focus on immediate neural or behavioral responses to negative or positive stimuli.

Inconsistent findings in this area might be partly due to the fact that the overwhelming majority of studies attained cross-sectional data, and correlations were usually computed on a *between-person* level (e.g. \[[@pone.0237001.ref018]\]). However, both differential susceptibility and the vulnerability to stressors are the property of a dynamic system that only manifests over time. Consequently, the *within-person* association of repeated measurements collected from the same person is better suited to capture differential susceptibility \[[@pone.0237001.ref029]\]. This association reflects how contingent a person's state is on immediate experiences (e.g. "when person A is in a more stressful environment, s/he feels more distressed"). Accordingly, we argue that if the differential susceptibility hypothesis is correct, the *5-HTTLPR* should moderate the individual strength of this correlation such that it is stronger for carriers of an S-allele than for carriers of only L-alleles.

Ecological momentary assessment (EMA) offers the opportunity to test differential susceptibility through person-specific models of environmental reactivity to real life experiences with high ecological validity. EMA methods are capable of measuring even minor daily experiences which often have a higher predictive utility than major life events and were the main target in the present study \[[@pone.0237001.ref030], [@pone.0237001.ref031]\]. Moreover, momentary assessments approximate biological processes more closely than classic retrospective and trait self-report measures \[[@pone.0237001.ref032]\].

So far, two EMA studies found a positive association between the S-allele and emotional reactivity, but only measured negative experiences and therefore could not test for differential susceptibility \[[@pone.0237001.ref033], [@pone.0237001.ref034]\]. In addition, their daily diary method with one daily retrospective assessment in the evening most likely captured only relatively persistent stress reactions, comes with some risk of retrospective memory bias \[[@pone.0237001.ref035]\], and cannot reflect variability within days. In contrast, a recent EMA study reported that the S-allele was positively associated with affective inertia \[[@pone.0237001.ref036]\], which is argued to reflect emotional *in* flexibility \[[@pone.0237001.ref037]\]. This finding conflicts with the hypothesis that S-allele induces higher differential susceptibility to environmental influences. However, affective inertia was operationalized as the autocorrelation of emotional states over time. A recent study demonstrated that this indicator might add only limited information to person-means on measures of emotion, leading the authors to suggest the additional assessment of concrete events and contextual information \[[@pone.0237001.ref038]\].

We used EMA to test whether the *5-HTTLPR* is a differential susceptibility factor for daily events. Participants received questionnaires while they were following their daily routine, repeatedly measuring immediate positive and negative events as well as concurrent positive and negative affect. This allowed us to apply the formal statistical criteria of differential susceptibility \[[@pone.0237001.ref001], [@pone.0237001.ref026]\] and to test genetic differential susceptibility for the first time in the context of ecologically valid experiences. In accordance with the position of Belsky and colleagues \[[@pone.0237001.ref025]\], we hypothesized homozygous and heterozygous carriers of the S-allele to be more susceptible to events in everyday life than homozygous carriers of the L-allele.

Data and R analysis script are available on the open science framework: <https://osf.io/zpvns/?view_only=d1b01be029414512ad835db6192695cd>.

Methods {#sec002}
=======

Participants {#sec003}
------------

In total, 418 people participated in the EMA study, who were recruited via bulletin boards at the Ruhr University Bochum (Germany). Of these, 326 gave their consent for genetic analyses and were successfully genotyped on the *5-HTTLPR*. To estimate the appropriate sample size for effect detection in EMA studies, prior data with a similar design are necessary \[[@pone.0237001.ref039]\]. As such data was not available, our sample size was based on the sample size of other genetic EMA studies on the same effect (e.g. \[[@pone.0237001.ref033]\]).

A simulated post-hoc power analysis based on our empirical data indicated a power of 61.70% to detect a previously reported effect size \[[@pone.0237001.ref033]\], with a positive predictive value of 92.0% assuming equal prior probabilities. Notably, this previous effect size was smaller than for another study \[[@pone.0237001.ref034]\] and is therefore more conservative. See the [Results](#sec009){ref-type="sec"} subsection on power considerations for further details.

The final sample comprised participants between the ages of 17 and 63 (*M* = 25.07, *SD* = 8.62) of which most were female (77%) university students (78%). Other named occupations were full-time work (33%), vocational school (3%), high-school (2%), no occupation (1%), or miscellaneous (1%; some participants endorsed more than one option). The study was approved by the local Ethics Committee of the Faculty of Psychology, Ruhr University Bochum, and all participants provided written informed consent. There was no monetary incentive. University students could receive partial course credit.

Materials and procedure {#sec004}
=======================

Genotyping {#sec005}
----------

During an initial laboratory session, saliva samples for DNA extraction were collected in 50 ml tubes via mouthwash before participants were informed about the EMA procedure. DNA was extracted from the mouthwash samples using a salting out procedure \[[@pone.0237001.ref040]\] with the Master Pure^™^ DNA Purification Kit. The 43-base pair insertion/ deletion polymorphism was genotyped with a standard PCR reaction as previously described \[[@pone.0237001.ref041]\]. Ninety-four (29%) individuals were L/L carriers, 152 (47%) were L/S carriers, and 80 (25%) participants were S/S carriers. No deviation from Hardy-Weinberg equilibrium was observed; χ^2^(1) = 1.41, *p* = .235.

EMA {#sec006}
---

The assessment took place in form of a stratified randomized sampling design over five consecutive days in a first wave (*N* = 158) and four consecutive days in a second wave (*N* = 168) to simplify recruitment. Assessments always started on a Thursday to sample both working days and weekend days in a similar frequency. Participants were asked to complete a five-minute survey four times each day, with one random prompt within each of the following fixed intervals: 11.15--12.15 h, 14.00--15.00 h, 17.45--18.45 h, 21.30--22.30 h. During the four intervals, they received an e-mail with a link to the EMA questionnaire and the request to answer the questions promptly. Participants had to possess a smartphone which could notify them when they received the e-mail. They were informed about the importance to honestly fill out as many questionnaires as possible in a timely manner. Compliance was high, with participants returning on average 82% of the questionnaires (*SD* = 23%, range: 10--100%).

Data preparation was done in IBM SPSS version 23. Nine percent of individual questionnaires were removed because less than 50% of items were completed or time to the preceding questionnaire was below 15 minutes. The latter was necessary as questionnaires were not deactivated after their designated time frame and some participants filled out more than one questionnaire per occasion. These procedures resulted in 4,905 usable questionnaires.

Measures {#sec007}
--------

The questionnaires included scales on positive and negative affect, as well as positive and negative experiences. Other measures on loneliness and social support were irrelevant for hypotheses concerning the *5-HTTLPR* and are therefore not reported here. Momentary affect was measured by 17 items, of which 13 were selected from the German version of the Positive and Negative Affect Schedule \[[@pone.0237001.ref042]\]. A two-level exploratory factor analysis for ordered categorical indicators suggested extraction of two factors at both the within- and between-person levels, with acceptable fit indices and clear simple structure after discarding one item (feeling exhausted; see [S1 Appendix](#pone.0237001.s001){ref-type="supplementary-material"} for details). Reliability estimation for the resulting positive affect (excited; strong; proud; enthusiastic; content; successful; determined; happy) and negative affect scales (distressed; upset; guilty; hostile; irritable; ashamed; nervous; afraid) at the between- and within-person level \[[@pone.0237001.ref043]\] yielded satisfactory coefficients, indicating high reliability of affect measures: Positive affect ω~within~ = .88; ω~between~ = .95; Negative affect ω~within~ = .80; ω~between~ = .95.

Positive and negative daily events experienced in the preceding hour were measured with 11 items (seven negative items measuring stressors, four positive items measuring uplifts) regarding different life domains such as personal achievements or interpersonal events (e.g. "I was unsuccessful in my activities", "I had nice moments with other people"). No factor analysis was conducted on these items, as they capture the occurrence of different mostly independent events which are not necessarily correlated. Therefore, estimating a latent (reflective) factor and scale reliability based on item intercorrelations is not meaningful in this case.

Participants responded to all items on a visual analogue scale (range: 0--100) indicating the level of agreement with the statements (upper anchor: "trifft zu"\["applies"\]). For each measurement occasion, the items of the four scales (positive affect, negative affect, uplifts, stressors) were averaged into a single momentary scale value, respectively.

Statistical analyses {#sec008}
--------------------

The data had a hierarchical structure with measurements (level 1) nested within days (level 2), nested within participants (level 3). A likelihood ratio test for an intercept-only model with mood as the dependent variable indicated that including the day level increased model fit significantly (χ^2^(1) = 55.34, *p* \< .001; 46.6% variance between participants, 11.7% between days, and 47.7% between measurement occasions). Multilevel analyses were conducted in R (version 3.5.1) using the package *nlme* to accommodate the dependencies in the data, with a first order continuous time autoregressive (CAR1) covariance structure on level 1. Level-1 predictors were centered on the person mean, so they represent pure within-person effects \[[@pone.0237001.ref044]\]. The person means of these predictors were centered on the grand mean and entered as level-3 predictors (see [S1 Appendix](#pone.0237001.s001){ref-type="supplementary-material"} for model equations). Even though not integral to our main hypothesis, person means were included for the comparison with past cross-sectional studies and for usage in future meta-analyses, as they are statistically orthogonal to the within-person predictor and therefore do not interfere with the within-person effects.

The trichotomous genotype was recoded into two Helmert contrasts in concordance with Gunthert et al. \[[@pone.0237001.ref033]\]: One contrast represents the mean difference between the L/L and the pooled S-carriers, with a positive sign indicating a larger association for the S-carriers. This contrast tests for the most common assumption that the S-allele is dominant. The other contrast represents the mean difference between the L/S- and the S/S-carriers, with a positive sign indicating a larger association for the S/S-carriers. This contrast tests for the additional possibility that the effect of the S-allele is additive (see [S1 Appendix](#pone.0237001.s001){ref-type="supplementary-material"} for details). In many previous studies, the comparison between the L/L-carriers and the carriers of at least one S-allele has been the central contrast of interest, while the contrast between L/S and S/S carriers is often not reported \[[@pone.0237001.ref027]\].

First, all analyses were conducted on the full sample of 326 participants. Then, to test the robustness of the results, all models were reanalyzed after applying stronger criteria for careless responding, excluding participants who returned less than 33% of questionnaires or either had a negative Cronbach's alpha or an intra-individual standard deviation below 1 on positive or negative affect \[[@pone.0237001.ref045]\]. Following these criteria, 47 participants (14.4%) were excluded. The main results remained unaltered by these data exclusions. Therefore, analyses on the full sample are reported.

Results {#sec009}
=======

*5-HTTLPR* as differential susceptibility factor {#sec010}
------------------------------------------------

To confirm that a trait is a differential susceptibility factor, several criteria must be met \[[@pone.0237001.ref001], [@pone.0237001.ref026]\]. First, predictor and outcome should be on continuous scales comprising negative and positive aspects. Therefore, for each measurement, average stressors were subtracted from average uplifts to create a single index of environment valence (predictor); average negative affect was subtracted from average positive affect to create a single index of mood valence (outcome). Both variables ranged between −100 and 100 with higher values indicating that positive aspects outweigh negative aspects. Descriptive statistics for these measures and their components can be found in [Table 1](#pone.0237001.t001){ref-type="table"}.

10.1371/journal.pone.0237001.t001

###### Descriptive statistics.

![](pone.0237001.t001){#pone.0237001.t001g}

  Measure            *Mean*   *SD*~*between*~   *SD*~*within*~   *Range*
  ------------------ -------- ----------------- ---------------- -----------
  Mood               32.83    19.54             22.24            −86--100
   Positive Affect   43.83    15.38             16.71            0--100
   Negative Affect   11.00    8.81              9.93             0--90
  Environment        19.52    14.88             26.37            --85--100
   Uplifts           40.33    13.28             21.49            0--100
   Stressors         20.82    7.66              14.49            0--100

Table depicts weighted means, standard deviations between and within persons as well as the empirical range of the continuous scales.

*N* = 326; total number of observations = 4,905.

Second, the susceptibility factor must not be correlated with either the predictor or the outcome. To test this, null models without predictors were compared to models including only the two genotype variables as level-3 predictors with a likelihood ratio test. Genotype had no main effect on the environment index, χ^2^(2) = 0.01, *p* = .997, nor on the mood index, χ^2^(2) = 0.38, *p* = .827, fulfilling this criterion and providing no evidence for gene-environment correlation.

The most important criterion for differential susceptibility is that there must be a cross-over interaction between the susceptibility factor and the predictor, in our case the *5-HTTLPR* and the environment index. On the within-person level, the *5-HTTLPR* moderated the effect of environmental influences on mood, with L/L-carriers reporting more positive mood in positive environments and more negative mood in negative environments ([Fig 1](#pone.0237001.g001){ref-type="fig"}). Genotype explained 1.69% of the variance in reactivity slopes. Compared to S-carriers, L/L-carriers had a larger environmental reactivity (*γ*~101~ = −0.07, *SE* = 0.03, 95% CI = \[−0.13, −0.00\], *p* = .036), with no difference between the two S-carrying groups (*γ*~102~ = −0.02, *SE* = 0.04, 95% CI = \[−0.09, 0.05\], *p* = .560).

![Mood predicted by the cross-over interaction between environment and genotype.\
Thick lines represent average environmental reactivity for different genotype groups. Thin lines represent environmental reactivity for individual participants.](pone.0237001.g001){#pone.0237001.g001}

As afforded by differential susceptibility, the interaction had a cross--over shape, meaning the intersections of the genotype lines were around the middle of the predictor scale. Results of a bootstrapping procedure (see [S1 Appendix](#pone.0237001.s001){ref-type="supplementary-material"} for details) showed that the cross-over point of the regression lines of the L/L- and the pooled S-groups as well as its confidence intervals were within the limits of the scale, *M* = −14.88, 95% CI = \[−74.05, 25.90\], fulfilling the last differential susceptibility criterion \[[@pone.0237001.ref026]\].

On the between-person level, the *5-HTTLPR* did not reliably moderate the relationship between mood and the average environment of a person. This was the case for both the contrast between L/L- and pooled S-carriers (*γ*~004~ = 0.05, *SE* = 0.10, 95% CI = \[−0.15, 0.24\], *p* = .634) as well as between L/S- and S/S-carriers (*γ*~005~ = −0.15, *SE* = 0.12, 95% CI = \[−0.39, 0.09\], *p* = .210).

In sum, the *5-HTTLPR* met all statistical criteria for differential susceptibility on a within-person level. Participants homozygous for the L-allele were more reactive to environmental influences than S-allele carriers.

Separating effects of stressors and uplifts {#sec011}
-------------------------------------------

The analysis described above represents a formal statistical test of susceptibility which ideally requires a continuum from positive to negative \[[@pone.0237001.ref001]\], realized here with difference scores. We found a global pattern of enhanced reactivity in L/L-carriers. Next, we tested whether this effect could be attributed to a higher reactivity to uplifts, stressors, or both. We therefore computed four separate models, with either positive or negative affect as the outcome and either stressors or uplifts as the predictor.

### Positive affect {#sec012}

Overall, uplifts were associated with higher positive affect on the within-person level (*γ*~100~ = 0.34, *SE* = 0.01, 95% CI = \[0.31, 0.36\], *p* \< .001) and the between person-level (*γ*~001~ = 0.75, *SE* = 0.04, 95% CI = \[0.66, 0.84\], *p* \< .001). Analogously, stressors were associated with *lower* positive affect on the within-person level (*γ*~100~ = −0.22, *SE* = 0.02, 95% CI = \[−0.26, −0.18\], *p* \< .001) and the between-person level (*γ*~001~ = −0.26, *SE* = 0.11, 95% CI = \[−0.48, −0.04\], *p* = .019). Hence, positive affect was associated with both positive and negative experiences.

The *5-HTTLPR* moderated the within-person association between positive affect and both stressors and uplifts ([Table 2](#pone.0237001.t002){ref-type="table"}). The positive affect of L/L carriers was significantly more positively related to uplifts and more negatively related to stressors compared to S-carriers ([Fig 2](#pone.0237001.g002){ref-type="fig"}). There was no further reliable difference between L/S- and S/S-carriers in the association between positive affect and stressors or uplifts ([Table 2](#pone.0237001.t002){ref-type="table"}). *5-HTTLPR* genotype explained 5.76% and 4.73% of variance in reactivity slopes, respectively. In sum, these results corroborate that the *5-HTTLPR* is a differential susceptibility factor, with L/L-carriers being more susceptible to environmental influences than carriers of the S-allele.

![Positive affect predicted by uplifts, stressors, and their interaction with genotype.\
Thick lines represent average environmental reactivity for different genotype groups. Thin lines represent environmental reactivity for individual participants.](pone.0237001.g002){#pone.0237001.g002}

10.1371/journal.pone.0237001.t002

###### Gene--environment interactions predicting affect on the within-person level.

![](pone.0237001.t002){#pone.0237001.t002g}

                      L/L vs S       L/S vs S/S                                                 
  ------------------- -------------- ------------------ ------ -------------- ----------------- ------
  *Positive Affect*                                                                             
   Uplifts            −0.09 (0.03)   \[−0.15, −0.03\]   .002   0.01 (0.03)    \[−0.06, 0.07\]   .836
   Stressors          0.11 (0.05)    \[0.02, 0.20\]     .020   0.07 (0.05)    \[−0.03, 0.17\]   .195
  *Negative Affect*                                                                             
   Uplifts            0.00 (0.02)    \[−0.03, 0.04\]    .782   0.02 (0.02)    \[−0.02, 0.05\]   .415
   Stressors          0.05 (0.03)    \[−0.02, 0.11\]    .138   −0.05 (0.04)   \[−0.12, 0.03\]   .210

The first three result columns report the contrast of the L/L- against the pooled L/S- and S/S-carriers. A positive sign indicates a more positive slope in the S-groups. The three rightmost columns report the contrast of the L/S against the S/S carriers. Here, a positive sign indicates a more positive slope in the S/S-group, compared to the L/S-group.

*N* = 326; number of person days = 1,483; total number of observations = 4,905.

As in the main analysis, there were no reliable gene--environment interactions on the between-person level ([S1 Table](#pone.0237001.s003){ref-type="supplementary-material"}).

### Negative affect {#sec013}

Complementary to the results for positive affect, stressors were associated with higher negative affect on the within-person level (*γ*~100~ = 0.27, *SE* = 0.02, 95% CI = \[0.24, 0.30\], *p* \< .001) as well as the between-person level (*γ*~001~ = 0.61, *SE* = 0.04, 95% CI = \[0.52, 0.70\], *p* \< .001). The association between uplifts and negative affect on the within-person level was weaker, but still significantly different from zero (*γ*~100~ = −0.06, *SE* = 0.01, 95% CI = \[−0.07, −0.04\], *p* \< .001). On the between-person level, this effect was not significant (*γ*~001~ = −0.06, *SE* = 0.03, 95% CI = \[−0.13, 0.01\], *p* = .106). To summarize, negative affect appeared to be mainly associated with negative rather than positive events.

The *5-HTTLPR* moderated none of the relationships between experiences and negative affect, neither on the within-person level ([Table 1](#pone.0237001.t001){ref-type="table"}) nor on the between-person level ([S2 Table](#pone.0237001.s004){ref-type="supplementary-material"}). Diagnostic plots revealed marked non-normality in residuals, likely due to the inherent positive skew in negative affect. Therefore, a multilevel model for ordered categorical outcomes was conducted on the relationship between negative affect and stressors ([S1 Appendix](#pone.0237001.s001){ref-type="supplementary-material"}, [S2](#pone.0237001.s004){ref-type="supplementary-material"} & [S3](#pone.0237001.s005){ref-type="supplementary-material"} Tables). This analysis yielded the same results: There was no evidence for the *5-HTTLPR* moderating the association of stressors and negative affect at any level of analysis.

Exploratory analyses on the effect of time resolution {#sec014}
-----------------------------------------------------

In contrast to our findings, past EMA studies pointed towards enhanced stress reactivity of negative emotions and psychopathological symptoms in carriers of the S-allele \[[@pone.0237001.ref033],[@pone.0237001.ref034]\]. These studies differ from ours in that they employed only one daily measurement which retrospectively assessed stressors for the whole day. The time gap between event and affect measurement is therefore likely to be much larger than the one-hour restriction we imposed for events to be reported. Such differences in time resolution can crucially affect the results of EMA studies \[[@pone.0237001.ref046]\]. Nevertheless, both approaches might capture different relevant aspects of affective functioning. For example, while a higher time resolution might be more likely to capture the degree of reactivity (e.g. when affect is measured closer to the response peak after an event), a lower time resolution might be more likely to capture the speed of recovery and more enduring affective consequences.

We approximated the lower time resolution of prior studies \[[@pone.0237001.ref033],[@pone.0237001.ref034]\] by regressing only the last daily negative affect measure on average daily stressors of the same day, because those studies measured affect at the end of the day and retrospective stressors over the course of the whole day. This reduced our statistical model to two-levels with days nested within individuals. We chose the regression of negative affect on stressors, because it most closely resembles the constructs used in the two EMA studies.

Descriptively, the S/S group exhibited the strongest and the L/L group the weakest contingency between stressors and negative affect, with the L/S group lying in between ([S1 Fig](#pone.0237001.s002){ref-type="supplementary-material"}), as was reported in previous studies. To accommodate the skewness of negative affect, we again conducted an ordinal regression ([S4 Table](#pone.0237001.s006){ref-type="supplementary-material"}), where the difference between the S/S and the L/S group came close to reaching statistical significance (*OR* = 1.05, 95% CI = \[1.00, 1.10\], *p* = .053). These inferential tests should be interpreted with caution, as they were exploratory and the inclusion of only one daily measurement made them statistically underpowered. Still, they highlight the possibility of effect reversals when stress reactivity is measured on different time scales.

Power considerations {#sec015}
--------------------

The replicability of candidate gene studies is increasingly criticized as effect sizes are likely small, leading to low statistical power and, consequently, a low probability for significant effects in the literature to be true positives \[[@pone.0237001.ref020],[@pone.0237001.ref047]\]. Recently, flexible simulation-based power analyses for multilevel models have become more accessible \[[@pone.0237001.ref048]\]. Therefore, we tested the statistical power of our design based on our empirical covariance structure and the effect sizes reported by Gunthert et al. \[[@pone.0237001.ref033]\] who found a moderation of the stress--anxiety relationship by the *5-HTTLPR* and replicated this effect on the same sample one year later. We used the study by Gunthert et al. \[[@pone.0237001.ref033]\] as a prior, as it resembles our study most closely in terms of measures and design, even though they had a lower sampling frequency.

We followed the procedure described in Green and Macleod \[[@pone.0237001.ref049]\]. First, we refitted our main model with the lmer function of the package lme4 (a necessity for the procedure with the disadvantage of not being able to model the AR1 covariance structure used in the nlme model \[[@pone.0237001.ref050]\]). Then, we substituted our empirical gene--environment interaction with the effect size from Gunthert et al. \[[@pone.0237001.ref033]\], averaged over the two replications (r = .06). Last, we conducted the simulation-based power analysis with the simr package \[[@pone.0237001.ref049]\].

The simulation indicated that we had a power of 61.70% to detect the effect size reported by Gunthert et al. \[[@pone.0237001.ref033]\]. This number can be used to estimate the positive predictive value, the probability that a significant finding is a true positive \[[@pone.0237001.ref047]\]. Assuming that H0 and H1 are equally likely, the probability that a significant finding in our design is true is .93.

Both the true effect size and the prior probability of H1 and H0 are unknown. Therefore, we also calculated the positive predictive value for more pessimistic scenarios. Assuming that the H0 is two times more likely than the H1, the probability that a significant finding is a true is .86. When the statistical power is reduced to 50%, accounting for the possibility of inflated effect sizes in Gunthert et al. \[[@pone.0237001.ref033]\](2007), this value drops only three percent points to .83. With equal prior probabilities for H1 and H0 and a power of 50% the positive predictive value is .91.

Discussion {#sec016}
==========

People differ in the way they respond to environmental challenges and opportunities, and part of this variability is explained by genetic variation \[[@pone.0237001.ref007]\]. Here, we tested whether the *5-HTTLPR* is associated with differential affective responses to positive and negative daily events in a 'for better and for worse' manner \[[@pone.0237001.ref001]\]. We found that the *5-HTTLPR* met all formal statistical criteria of a differential susceptibility factor. Contrary to our expectation, not the S-allele carriers, but the L/L carriers exhibited a stronger contingency between environmental influences and affect. Follow-up analyses revealed that particularly their positive affect was more strongly associated with both positive and negative events.

As the S-allele has been generally regarded as the more plastic allele \[[@pone.0237001.ref027],[@pone.0237001.ref028]\], the finding that L/L-carriers were the more susceptible group in our study might seem contradictory. However, this is not necessarily the case. In contrast to most studies on the *5-HTTLPR*, the main purpose of our study was to investigate environmental reactivity on a within-person level. Expecting within- and between-person analyses must yield the same results constitutes a so-called ecological fallacy \[[@pone.0237001.ref051]\] and the necessary assumptions which equate the two levels are rarely met \[[@pone.0237001.ref029]\]. Nevertheless, all meta-analyses which do report reliable effects on negative outcomes like PTSD \[[@pone.0237001.ref052]\] did in fact find the S-allele to be a risk-allele. Our findings do not contradict these meta-analytic findings, because higher reactivity of positive affect to typical daily events, as observed in L/L carriers in our study, does not necessarily imply someone is more prone to develop pathological symptoms.

Emotions have an adaptive function as they allow us to respond flexibly to changing external demands \[[@pone.0237001.ref053]\]. Therefore, to a certain degree, a higher environment-affect contingency likely reflects a desirable trait. A recent EMA study showed that S-carriers have a higher affective inertia, meaning their affective state is more likely to carry over from one moment to the next \[[@pone.0237001.ref036]\]. This kind of affective inflexibility is related to psychopathology and generally lowered psychological well-being \[[@pone.0237001.ref037],[@pone.0237001.ref054]\]. Specifically, depression is often accompanied by context insensitivity to both positive and negative stimuli \[[@pone.0237001.ref055]\], the pattern we found in our S-carrying groups. Hence, the S-allele might be a genetic vulnerability factor that contributes to emotional inflexibility \[[@pone.0237001.ref036]\], which in turn prospectively predicts psychopathology \[[@pone.0237001.ref056]\]. Still, more research is needed to support this possible explanation as our study design is not sufficient to link environmental reactivity with adaptive emotional functioning.

Importantly, our finding precludes neither that carriers of the S-allele possess neural networks that are more excitable on a scale of seconds \[[@pone.0237001.ref023]\], nor that they are more susceptible to influences in earlier, developmentally sensitive periods \[[@pone.0237001.ref027]\]. On the contrary, our exploratory analyses demonstrated that investigating reactivity on different time scales can produce opposing patterns. Therefore, connecting reactivity to naturalistic events in adults, as investigated here, with neurobiological nanoscale and developmental macroscale data can lead to a more nuanced perspective on the phenotypic expression of reactivity-related genes.

False positives in candidate gene studies {#sec017}
-----------------------------------------

Candidate gene studies are increasingly facing scrutiny, and this is especially true for the *5-HTTLPR*. Robust meta-analyses have been published showing that there is no moderating effect of the *5-HTTLPR* in the association between (early) life stress and depression \[[@pone.0237001.ref019],[@pone.0237001.ref020]\]. This lack of moderation with regard to a very heterogeneous disorder entity, measured as a dichotomous outcome, has led many researchers to dismiss all *5-HTTLPR* findings as spurious, including those studying more refined phenotypes. Nevertheless, effect sizes for candidate genes vary according to the phenotype measured. Specifically, for the *5-HTTLPR* it has been shown that effect sizes are smaller for categorical clinical diagnoses than for dimensional measures, while effect sizes for neurobiological outcomes are largest \[[@pone.0237001.ref057]\]. Within-person models of momentary experiences likely lie in between the last two categories \[[@pone.0237001.ref032]\]. Hence, nonexistent or small genetic associations with brief questionnaires categorically measuring complex mental disorders which exhibit strong within-group heterogeneity and between-group comorbidity are not necessarily a good prior for effect sizes in studies which focus on more basic functions like the general sensitivity to experiences.

We conducted a power analysis based on two prior reported effect sizes from a study similar to ours in terms of both hypothesis and design \[[@pone.0237001.ref033]\]. We found that although our study is likely not optimally powered, the probability that a significant finding is a false positive in our design is low, even in scenarios were true power would be lower as our empirical estimate and prior odds in favor of the H0.

Moreover, our hypothesis is based on significant meta-analyses on the *5-HTTLPR* and affective functioning \[[@pone.0237001.ref023],[@pone.0237001.ref024]\], a developmental meta-analysis specifically implicating the *5-HTTLPR* in differential susceptibility \[[@pone.0237001.ref027]\] and several EMA studies on affective processes \[[@pone.0237001.ref033],[@pone.0237001.ref034],[@pone.0237001.ref036]\]. Even though publication bias tended to be present in the meta-analyses, they did not nullify their effect sizes, which still remained larger than those employed in our power-analysis. Even in the absence of respective genome-wide association studies (GWAS), these meta-analyses should not be readily cast aside in the argument whether research on classical candidate genes should be further pursued. Until GWAS become available which feature deep phenotyping in samples testing hundreds of thousands of participants, studies with plausible candidates tailored to specific phenotypes might still have their merit.

Limitations {#sec018}
-----------

Our study has several limitations. First, we did not find the same pattern for negative affect, which might be due to its undesirable statistical properties. Negative affect is prone to floor effects, which leads to a skewed distribution and low variance. Still, nonlinear models did not yield any significant effects on negative affect as well. Alternatively, some theorists proposed that positive and negative affect have different neural substrates \[[@pone.0237001.ref058]\], which might also be differentially influenced by the *5-HTTLPR*. However, a meta-analysis on almost 400 neuroimaging studies concluded that affect is most likely represented in complex activity patterns of valence general neuron populations instead of two separate systems \[[@pone.0237001.ref059]\]. How genes affect these patterns remains an interesting target for future research. Also, it might be of interest whether the flexibility of positive affect has more adaptive value than flexibility of negative affect. The meta-analysis by Houben et al. \[[@pone.0237001.ref037]\] found weaker relationships between well-being and positive affective stability measures than for negative affective stability. Nevertheless, studies measuring the contingency to external events where not included in the meta-analysis and context-dependent reactivity might differ from context-free variability as a marker of affective flexibility. Second, about 80% of our sample were German university students, making the generalizability to other populations uncertain. Third, although our study targets the process of environmental reactivity, which assumes a causal contingency between stimulus and output, our design is still correlational in nature. It is for example possible that momentary affect contaminates the ratings of previous stressors.

Fourth, we combined the two environment variables and the two affect variables in one index, respectively, by calculating difference scores. This assumes that a positive environment is one where positive events outweigh negative events and that a positive state is one where positive affect outweighs negative affect. Therefore, the main analysis cannot account for mixed environments or mixed states \[[@pone.0237001.ref060]\], where both positive and negative aspects are strongly prevalent at the same time. Still, so far no study on differential susceptibility accounted for mixed environments or outcomes and this procedure allowed us to apply formal statistical methods to attest differential susceptibility with the most widely used scales.

Fifth, our operationalization of environmental events through a semi-continuous visual analogue scales raises the question whether these measures are confounded by momentary affect. Still, the alternative of using binary indicators for event occurrence has shortcomings as well. For example, a person could indicate interpersonal conflicts due to very minor or extremely severe events, which has vastly different implications. Consequently, high stress reactivity might reflect more severe events. Also, binary indicators might not be sufficiently sensitive to capture minor stressors, which we specifically aimed for in our study.

Sixth, we did not genotype for rs25531 A/G SNP within the 5-HTTLPR repetitive element, as suggested during the review process, because a reanalysis of the available DNA samples was not possible due to covid-19-associated lab closure. The SNP has been reported to render the G allele within the l allele transcriptionally less efficient \[[@pone.0237001.ref061]\], a finding that has not been consistently replicated \[[@pone.0237001.ref062]\].

Last, although the effect sizes were reasonable for genetic studies on single polymorphisms, they are not large in absolute terms. Nevertheless, the main purpose of the present study was to test the theory that individual variability in the serotonin system is related to differential susceptibility. Searching for reliable effects of serotonergic genes is likely currently the only viable approach to test this theory in humans in daily life even if these effects are small.

Conclusion {#sec019}
==========

We found that the *5-HTTLPR* is a differential susceptibility factor for affective reactivity to daily events. This finding confirms the serotonin system's proposed role in general reactivity to both positive and negative environments \[[@pone.0237001.ref013]\]. Contrary to the general (even though still controversial) notion of most macro longitudinal studies, instead of S-allele carriers, L/L-allele carriers were the more susceptible group, which might reflect adaptive emotional flexibility. To come to a more complete view of genetic influences on susceptibility, we have to combine macro- and microscale approaches, synthesizing major life experiences (e.g. early adversity) and developmental trajectories of environmental reactivity \[[@pone.0237001.ref002]\]. For this, we need reliable, ecologically valid markers to characterize a person's individual reactivity at one point in life. EMA is a promising candidate for this task.

Supporting information {#sec020}
======================

###### Supplemental methods.

(DOCX)
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Click here for additional data file.

###### Effect of average daily stressors on the last daily measure of negative affect by 5-HTTLPR genotype.
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###### Ordinal mixed regression of negative affect on stressors.
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###### Ordinal mixed regression of negative affect on uplifts.
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Reviewer \#1: PONE-D-20-03284

Highs and lows: Genetic susceptibility to daily events

Sicortello et al. tested whether genetic variation in the serotonin transporter (5-HTTLPR) is a differential susceptibility factor for daily events. Participants completed smartphone

questionnaires four times a day over four to five days, measuring stressors, uplifts,

positive and negative affect. Results showed that positive affect in carriers of the short allele (S) were less reactive to both uplifts and stressors. This pattern might reflect relative affective inflexibility in S allele carriers.

• The study is well written, the topic of high interest and the statistical analysis using an EMA approach is creative.

• However, the duration of data collection 4-5 days is rather short. The possibility to be confronted with a major stressor is rather low and if it happens this might be a spurious effect.

• There are no clear hypotheses. Contrary to the results one would expect higher mood variability in s-allele carriers with respect to negative emotions.

• The authors argue that 5-HTTLPR is of interest due to its associations to personality traits of negative emotionality. Have the authors assessed measures of personality? Normally one would expect that personality explains far more variance than a single genetic polymorphism. Explained variance \< 2 %.

• The authors should in addition genotype for rs25531 which would allow a triallelic approach in evaluating their data. This is nowadays common standard in the analysis 5-HTTLPR. (Hu X, Oroszi G, Chun J, Smith TL, Goldman D, Schuckit MA . An expanded evaluation of the relationship of four alleles to the level of response to alcohol and the alcoholism risk. Alcohol Clin Exp Res 2005; 29: 8--16.)

Reviewer \#2: Review of PONE_D\_20-03284

The study reported in this manuscript examines whether 5-HTTLPR operates as a genetic differential susceptibility factor for affective responding to daily events. The study addresses a highly relevant research question in a way that is novel in several aspects. It is based on interesting data from a reasonably sized sample, and uses sophisticated data-analytic techniques to tests its predictions. Nevertheless, I identified a few issues that deserve additional attention. I explain these below, along with some impressions and observations (which are a matter of taste rather than a formal evaluation of the paper).

Abstract: I think the abstract should included some information on the sample and its size, (and maybe also on the analytic approach taken). Also, I suspect that the last sentence does not correspond to what the authors wanted to express (which is probably that the study provides insight into the serotonin system's general role...).

General point: In the sentence "Positive affect in carriers of the short allele...", as well as in other parts of the manuscript, the authors make a comparison, but name only one comparison group (in this sentence the S-allele carriers), but not to which they are compared. I think these statements would gain clarity from complete descriptions of the comparisons.

P3, last sentence (minor): I think that the reference to the compatibility of the DS with the heritability patterns from twin studies needs a bit more explanation to fulfill its function here.

P4, 75ff. (minor): This second part of the paragraph is quite cursory and therefore not very informative and not very helpful.

P4, 81ff.: When the 5-HTTLPR is introduced, it would be interesting if in a sentence or two, the authors would say something about the function of the region.

P5, first paragraph: I think this paragraph needs some revision. The first observation the authors name does not support the hypothesis for the 5-HTTLPR to be a differential susceptibility factor. This first observation simply points to gap in research. It is not clear to me what the authors want to point to with the Sagy & Antonovsky 2000 reference. Then the second observation provides some ground for a DS hypothesis, but it is not the fact that most studies did not further examine this, that is informative. Finally, the "consequently" doesn't really fit here to introduce the first partial sentence, and similarly, the second partial sentence doesn't follow logically after the "but".

Also related to this paragraph, I would find it important if the authors provided some insight into the literature and maybe a few sample studies that point to susceptibility of positive experience (e.g., Koenen's work or Way at al., 2006).

P5, 114ff.: I think this paragraph addresses a very important point and strength of this study. However, the last sentence, as formulated, may be correct but is not specific to the DS hypothesis, as it would apply as well to a vulnerability hypothesis.

General point about EMA data and reactivity: This part has an implicit causal "touch", and so it should be noted somewhere that we cannot draw conclusions about causality or a causal direction, since these are correlational data.

P6, 2nd paragraph, 130ff: The reference to the van Roekel et al study is interesting, but I think more detail is necessary to make this point with sufficient clarity. There is a long way from within-subject associations of daily experiences and affect, to AR(1)measures of emotional inertia, to the concept of emotional flexibility. The second sentence, at 132 ff., is unclear and maybe incomplete.

Section "Participants": This section suggests that an a priori power analysis has been conducted to determine the necessary sample size. Therefore, the authors should report the sample size determined to achieve adequate power here. They can still give the details on the power analysis later on.

P8, 193ff (minor): Because the authors begin a new paragraph, it was not immediately clear to me that the EFA still referred to the PANAS.

Daily events: Could the authors provide more detail on this measure? It would be useful to know the instruction, and specially the labels used with the visual analogue scale. I was a bit surprised to see that the occurrence of an event was measured on a 0-100 scale, given that the scale measures events (but as someone who does a lot of EMA research I see the advantage of this approach). My concern would be that this kind of measures also taps into mood, and might spuriously inflate correlations with panas measures.

I was glad to see that the authors didn't report an alpha for the daily events measure, and fully agree with their justification! Something that I was wondering about was whether this wouldn't apply to the PANAS, too. Probably not when it is used to measure mood-like affective states without particular emotional experiences occurring. Given the consistency scores reported, this seems to be the case here. This might be relevant to the interpretation of the results, since we're probably not dealing with distinct emotional responses here, but rather with moderate shifts in participants mood.

P10, 224: Could the authors say more about the lack of power they refer here?

P10 230: I think it would be useful if the authors provided their rationale for using these contrasts here. Why not contrasting both groups of S allele carriers from the homozygous L allele carriers?

P11: Was there an association between genotype and variability on affect and daily experience variables?

P11, 262, minor: "Compared to" might fit better here than "instead".

P13, 299-305 (minor): This paragraph is not very precise and therefore not easy to read (beginning: do you refer to one or more associations?). No difference on what? ... more susceptible to what? From the context, one can figure out what you mean, but complete and more precise formulations would help.

Results, general point: The effects, particularly that of testing differential susceptibility, is rather small. Did the authors expect an effect of this size, and do they consider it relevant nevertheless? I think it would be important that the authors commented on the effect sizes.

Discussion:

General point: The discussion is relatively brief, if the piece on false positives is not counted. I would have hoped for a more elaborate discussion of the specifics of what the authors have actually studied.

The study period was quite brief, and similar studies collecting binary indications of daily events have occurred find relatively few such events, particularly negative ones, with a sizable portion of the sample report no negative events at all within a 4- or 5-day period. Are the authors convinced that all participants experienced clearly positive and negative events during the 4 or 5 days? This may point to the possibility that what was studied here was not necessarily emotional reactivity to events, in the sense of significant responses with an adaptive goal, but rather mild fluctuations of positivity as a function of relatively ordinary experiences. Some situations may be evaluated as more or less positive or negative, without representing a challenge or opportunity that would deserve a specific response. The average of uplifts and stressors seem clearly above 0, but given that participants probably reported with a finger on a smartphone display (not sure that this is how it was done), it may still be that much of the ratings at the lower 10-20% of the scale range may represent indications of no major event occurring. At least this is the experience we're making with these kinds of tools.

All these possibilities may or may not have led to an attenuation of the "real" moderator effects. It could be interesting to see whether setting the threshold for registering an event to a value above the lowest 25% of the VAS would yield the same results.

P18, 390 (minor): Although the authors note that they expect stronger associations for s allele carriers in the intro, it was not too clear to me that they did have this expectation since it is not marked clearly as a hypothesis.

P19, top: the reference to the dynamic system is unclear. I suggest that the authors either provide more detail about it, or delete the reference. In the next sentence, it is not clear what levels the authors refer to. Generally, I think this sentence must be rewritten. I think I know what they authors mean, but the sentence lacks precision and sufficient information for the reader less familiar with the topic.

General remark about the discussion: I find it important and interesting that the authors try to connect these results with other phenomena related to emotional adaptation and adjustment, and patterns of emotion patterns. However, this research did not examine flexibility or emotion patterns, and sometimes the authors risk to be overly speculative. Also, the cover a large number of different topics, each one hinting at some research and touching those only very superficially. Several parts of the discussion are therefore accessible only to the readers deeply familiar with the topic. Less (with more detail) would be more here.

The following papers may be relevant to this study.

Schoebi, D., Way, B. M., Karney, B. R., & Bradbury, T. N. (2012). Genetic moderation of sensitivity to positive and negative affect in marriage. Emotion, 12(2), 208.

Haase, C. M., Saslow, L. R., Bloch, L., Saturn, S. R., Casey, J. J., Seider, B. H., \... & Levenson, R. W. (2013). The 5-HTTLPR polymorphism in the serotonin transporter gene moderates the association between emotional behavior and changes in marital satisfaction over time. Emotion, 13(6), 1068.
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Response to Reviewers

We first like the thank the two reviewers as well the editor for their contributions. Below, you will our responses to the specific remarks.

Reviewer \#1:

Comment 1: The study is well written, the topic of high interest and the statistical analysis using an EMA approach is creative.

Response: We thank the reviewer for the positive overall evaluation.

Comment 2: The duration of data collection 4-5 days is rather short. The possibility to be confronted with a major stressor is rather low and if it happens this might be a spurious effect.

Response: We completely agree with the reviewer that encountering major stressors is not sufficiently likely in this design. The main purpose of our study was to focus on minor stressors - or daily hassles - which we tried to express in the first sentence and the following sentence of the introduction, but with insufficient clarity. We added the italicized part to the following sentence to highlight this point:

"EMA methods are capable of measuring even minor daily experiences which often have a higher predictive utility than major life events and were the main target in the present study (DeLongis, Coyne, Dakof, Folkman, & Lazarus, 1982; Vinkers et al., 2014)"

The goal to capture minor daily stressors was also the reason for our continuous operationalization of stressors. We added a discussion of this to the limitation section, including the following argument:

"Also, binary indicators might not be sufficiently sensitive to capture minor stressors, which we specifically aimed for in our study."

Comment 3: There are no clear hypotheses. Contrary to the results one would expect higher mood variability in s-allele carriers with respect to negative emotions.

Response: Our hypothesis was stated at the end of the introduction:

"In accordance with the position of Belsky and colleagues (Belsky et al., 2009), we expected homozygous and heterozygous carriers of the S-allele to be more susceptible to events in everyday life than homozygous carriers of the L-allele".

We exchanged the word "expected" for "hypothesized" to make this clearer.

In agreement with the reviewer's comment, the first paragraph of the discussion and the conclusion subsection had included the following statements:

"Contrary to our expectation, not the S-allele carriers, but the L/L carriers exhibited a stronger contingency between environmental influences and affect"

"Contrary to the general (even though still controversial) notion of most macro longitudinal studies, instead of S-allele carriers, L/L-allele carriers were the more susceptible group, which might reflect adaptive emotional flexibility"

Comment 4: The authors argue that 5-HTTLPR is of interest due to its associations to personality traits of negative emotionality. Have the authors assessed measures of personality? Normally one would expect that personality explains far more variance than a single genetic polymorphism. Explained variance \< 2 %.

Response: We agree with the reviewer that personality traits could potentially explain more variance in differential susceptibility. The main purpose of the present paper was to investigate the role of individual differences in the serotonin system for differential susceptibility. There has been a substantial body of evidence which tested the differential susceptibility hypothesis of the serotonin system with the 5-HTTLPR. Based on this research, and candidate genes in general, the effect sizes are generally expected to be low. For this reason, we acquired a large sample (compared to non-genetic EMA studies) and prominently featured the issue of statistical power. Indeed, we see the 5-HTTLPR not as something that can explain a practically meaningful amount of variance, but rather as a tool to test hypotheses concerning neurotransmitter systems in humans with study designs which would otherwise not be feasible, such as EMA.

We added this rational to the discussion:

"Last, although the effect sizes were reasonable for genetic studies on single polymorphisms, they are not large in absolute terms. Nevertheless, the main purpose of the present study was to test the theory that individual variability in the serotonin system is related to differential susceptibility. Searching for reliable effects of serotonergic genes is likely currently the only viable approach to test this theory in humans in daily life even if these effects are small."

We agree that a study on the relationship between differential susceptibility and personality traits (e.g. big five) would be both relevant and interesting, but would merit a paper in its own right for two reasons:

1\. There has been, to our knowledge, no attempt to develop a theory which systematically links trait measures like the big five to the concept of differential susceptibility. In the big five models of context sensitivity we are aware of, neuroticism is related to negative and extraversion to positive sensitivity (e.g. Larsen & Ketelaar, 1991). Past attempts to relate big five measures to differential susceptibility have not been successful (e.g. Slagt et al., 2015). Therefore, we think adding to this literature necessitates are more comprehensive paper based on a plausible theoretical framework.

2\. A meta-analysis of large-scale genome-wide association studies reported no association between big five personality traits and serotonergic genes, including the 5-HTTLPR (Lot et al., 2017). Therefore, we think there is currently no sufficient basis to include personality measures in a paper that focuses on the 5-HTTLPR.

Larsen, R. J., & Ketelaar, T. (1991). Personality and susceptibility to positive and negative emotional states. Journal of personality and social psychology, 61(1), 132.

Slagt, M., Dubas, J. S., Denissen, J. J., Deković, M., & van Aken, M. A. (2015). Personality traits as potential susceptibility markers: Differential susceptibility to support among parents. Journal of Personality, 83(2), 155-166.

Lo, M. T., Hinds, D. A., Tung, J. Y., Franz, C., Fan, C. C., Wang, Y., \... & Sanyal, N. (2017). Genome-wide analyses for personality traits identify six genomic loci and show correlations with psychiatric disorders. Nature genetics, 49(1), 152.

Comment 5: The authors should in addition genotype for rs25531 which would allow a triallelic approach in evaluating their data. This is nowadays common standard in the analysis 5-HTTLPR.

Response: We would like to refrain from additional genotyping, for two reasons, and hope this is acceptable. The first one is practical; due to the current situation caused by the Corona virus, our laboratories have been shut, and it is unclear when we can resume our work. Second, although in vitro gene expression studies have shown that the G allele within the 5-HTTLPR l-allele was associated with lower 5HTT expression (Hu 2006), this finding has not been consistently replicated (Martin 2007). Furthermore, in other studies, examination of triallelic variation did not modify the results (e.g., Huezo-Diaz 2007, Steiger 2009, Wüst 2009).

Reviewer \#2:

Comment 1: Abstract: I think the abstract should included some information on the sample and its size, (and maybe also on the analytic approach taken). Also, I suspect that the last sentence does not correspond to what the authors wanted to express (which is probably that the study provides insight into the serotonin system's general role...).

Response: We thank the reviewer for the helpful remarks.

We added the italicized parts to the abstract:

"Participants (N = 326, 77% female, mean age = 25, range = 17--36) completed smartphone questionnaires four times a day over four to five days"

"Affect was predicted from environment valence in the previous hour on a within-person level using three-level autoregressive linear mixed models."

"Our study informs provides insight into the serotonin system's general role in susceptibility and highlights the need to assess the whole spectrum of naturalistic experiences."

Comment 2: In the sentence "Positive affect in carriers of the short allele...", as well as in other parts of the manuscript, the authors make a comparison, but name only one comparison group (in this sentence the S-allele carriers), but not to which they are compared. I think these statements would gain clarity from complete descriptions of the comparisons.

Response: We added the reference group to the abstract and to several sentences in the manuscript.

Comment 3: P. 3, last sentence (minor): I think that the reference to the compatibility of the DS with the heritability patterns from twin studies needs a bit more explanation to fulfill its function here.

Response: We rewrote the sentence in the following way, to give more details:

"The differential susceptibility perspective is less well researched, despite simulations heritability coefficients simulated from differential susceptibility theory being compatible with empirical heritability coefficients usually observed in twin studies demonstrating its compatibility with heritability patterns of twin studies (Del Giudice, 2017)."

To give more information, we would need to discuss the simulation study in considerably more detail. If the reviewer finds our changes insufficient, we are also happy to remove this finding/reference.

Comment 4: P4, 75ff. (minor): This second part of the paragraph is quite cursory and therefore not very informative and not very helpful.

Response: We rewrote the paragraph to make it more clear why we cite these findings.

Comment 5: P4, 81ff.: When the 5-HTTLPR is introduced, it would be interesting if in a sentence or two, the authors would say something about the function of the region.

Response: We rewrote the paragraph, most importantly the following sentence:

"It consists of a 43 base pair insertion/deletion polymorphism in the promoter region of the serotonin transporter gene (SLC6A4) which influences the efficiency of serotonin reuptake from the synaptic cleft, with the L-variant leading to a more efficient reuptake through higher serotonin transporter gene transcription rates (Heils et al., 2002). "

Comment 6: P5, first paragraph: I think this paragraph needs some revision. The first observation the authors name does not support the hypothesis for the 5-HTTLPR to be a differential susceptibility factor. This first observation simply points to gap in research. It is not clear to me what the authors want to point to with the Sagy & Antonovsky 2000 reference. Then the second observation provides some ground for a DS hypothesis, but it is not the fact that most studies did not further examine this, that is informative. Finally, the "consequently" doesn't really fit here to introduce the first partial sentence, and similarly, the second partial sentence doesn't follow logically after the "but".

Also related to this paragraph, I would find it important if the authors provided some insight into the literature and maybe a few sample studies that point to susceptibility of positive experience (e.g., Koenen's work or Way at al., 2006).

Response: (a) In the first sentence of the paragraph, we did not want to imply that these two observations support the hypothesis, but rather explain what led to the conception of the hypothesis. Although these are just qualitative observations and not evidence for differential susceptibility, we included them as they are the essentials to understand differential susceptibility studies (1: inclusion of both positive and negative aspects; 2: cross-over interaction). We tried to make this clearer with a slight change:

"The hypothesis that the 5-HTTLPR might actually be a susceptibility factor, and not merely a vulnerability factor, was mainly conceived based on two observations"

\(b\) The reference was demanded by a prior reviewer to illustrate a positive developmental effect. We don't see a problem removing it and did so for this revision.

\(c\) We substituted "consequently" for "since then".

\(d\) We changed the "but"-sentence to: "Still, to date, the evidence is unclear as meta-analyses have not provided unequivocal evidence that the 5-HTTLPR is a differential susceptibility factor"

\(e\) We found the question whether additional single studies should be incorporated in this paragraph difficult, even before the submission. One the one hand, we agree with the reviewer that reading about specific studies can be helpful to make the topic more approachable. On the other hand, we had a hard time deciding which studies to pick, given that we already cite two meta-analyses which comprise a large number of both significant and null findings. As a possible compromise in the revision between the two options, we went into larger detail for the both meta-analysis to give readers more insight into what kind of studies have been done, without the possibility of us cherry-picking findings from certain areas/authors or significant vs null results:

"One meta-analysis found that negative developmental environments increased the likelihood of negative outcomes for carriers of the S-allele, compared to L/L-carriers, but did not find a robust overall effect of positive developmental environments (van Ijzendoorn, Belsky, & Bakermans-Kranenburg, 2012). Another meta-analysis based on randomized controlled trials did not show a significant difference in differential susceptibility for the 5-HTTLPR (van Ijzendoorn & Bakermans-Kranenburg, 2015). Interestingly, they observed that the pooled effect size of different hypothesized susceptibility genes depended on the timescale of measurements, with the largest effects for interventions which focus on immediate neural or behavioral responses to negative or positive stimuli)"

Comment 7: P5, 114ff.: I think this paragraph addresses a very important point and strength of this study. However, the last sentence, as formulated, may be correct but is not specific to the DS hypothesis, as it would apply as well to a vulnerability hypothesis.

Response: We completely agree with the reviewer and tried to make it clearer in the next paragraph:

"However, both differential susceptibility and the vulnerability to stressors are the property of a dynamic system that only manifests over time"

Comment 8: General point about EMA data and reactivity: This part has an implicit causal "touch", and so it should be noted somewhere that we cannot draw conclusions about causality or a causal direction, since these are correlational data.

Response:

This is a very helpful remark. We added the following to the limitation section:

"Third, although our study targets the process of environmental reactivity, which assumes a causal contingency between stimulus and output, our design is still correlational in nature. It is for example possible that momentary affect contaminates the ratings of previous stressors"

Comment 9: P6, 2nd paragraph, 130ff: The reference to the van Roekel et al study is interesting, but I think more detail is necessary to make this point with sufficient clarity. There is a long way from within-subject associations of daily experiences and affect, to AR(1)measures of emotional inertia, to the concept of emotional flexibility. The second sentence, at 132 ff., is unclear and maybe incomplete.

Response: We changed the paragraph to the following version. We hope this makes it clearer:

"In contrast, a recent EMA study reported that the S-allele was positively associated with affective inertia (van Roekel, Verhagen, Engels, & Kuppens, 2018), which is argued to reflect emotional inflexibility (van Roekel, Verhagen, Engels, & Kuppens, 2018) (Houben, Noortgate, & Kuppens, 2015). This finding conflicts with the hypothesis that S-allele induces higher differential susceptibility to environmental influences. However, affective inertia was operationalized as the autocorrelation of emotional states over time. A recent study demonstrated that this indicator might add only limited information to person-means on measures of emotion, leading the authors to suggest the additional assessment of concrete events and contextual information (Dejonckheere.et al., 2019)"

Comment 10: Section "Participants": This section suggests that an a priori power analysis has been conducted to determine the necessary sample size. Therefore, the authors should report the sample size determined to achieve adequate power here. They can still give the details on the power analysis later on.

Response:The relevant text in the participants-paragraph reads:

"To estimate the appropriate sample size for effect detection in EMA studies, prior data with a similar design are necessary (Bolger & Laurenceau, 2013). As such data was not available, sample size was based on other genetic EMA studies on the same effect (e.g. Gunthert et al., 2007). See the results subsection on power considerations for further details"

This section thus states that we did not conduct an a priori power analysis, because we didn't have EMA data to base our power analysis on at the time and therefore relied for our sample size on previous studies.

We added some results of the section "power considerations" up here (emphasizing on "post-hoc") to hopefully make this clearer:

"A simulated post-hoc power analysis based on our empirical data indicated a power of 61.70% to detect a previously reported effect size (Gunthert et al., 2007), with a positive predictive value of 92.0% assuming equal prior probabilities. Notably, this previous effect size was smaller than for another study (Conway et al., 2014) and is therefore more conservative."

Comment 11: P8, 193ff (minor): Because the authors begin a new paragraph, it was not immediately clear to me that the EFA still referred to the PANAS.

Response: We changed it accordingly.

Comment 12: Daily events: Could the authors provide more detail on this measure? It would be useful to know the instruction, and specially the labels used with the visual analogue scale. I was a bit surprised to see that the occurrence of an event was measured on a 0-100 scale, given that the scale measures events (but as someone who does a lot of EMA research I see the advantage of this approach). My concern would be that this kind of measures also taps into mood, and might spuriously inflate correlations with panas measures.

Response: We added the upper anchor of the rating scales: (upper anchor: "trifft zu" \["applies"\]). There was no lower anchor. The items were formulated in a way that didn't make further instructions necessary and are stated in the methods section.

We completely agree on the point concerning the measurement of stressors and think that this is a grossly underresearched aspect. We added the following to the limitations:

"Last, our operationalization of environmental events through a semi-continuous visual analogue scales raises the question whether these measures are confounded by momentary affect. Still, the alternative of using binary indicators for event occurrence has shortcomings as well. For example, a person could indicate interpersonal conflicts due to very minor or extremely severe events, which has vastly different implications. Consequently, high stress reactivity might reflect more severe events. Also, binary indicators might not be sufficiently sensitive to capture minor stressors, which we specifically wanted to include in our study."

Comment 13: I was glad to see that the authors didn't report an alpha for the daily events measure, and fully agree with their justification! Something that I was wondering about was whether this wouldn't apply to the PANAS, too. Probably not when it is used to measure mood-like affective states without particular emotional experiences occurring. Given the consistency scores reported, this seems to be the case here. This might be relevant to the interpretation of the results, since we're probably not dealing with distinct emotional responses here, but rather with moderate shifts in participants mood.

Response:

To us, this appears to be a very complex question. We would argue that the existence of a latent construct like negative affect must be (1) supported by the data but still (2) theoretically imposed. Generally, there is likely no statistical way to tell whether there is latent "super construct" like negative affect or whether negative emotions are distinct but highly correlated constructs. There certainly are other CFA studies which consider affective states in EMA to be a latent construct (e.g. Rush & Hofer, 2014). We agree that EMA likely captures mood-like affective states. Whether the assumption of a latent affect construct for short/transient emotional states is valid is a question that we unfortunately cannot answer and might be beyond the scope of the paper.

Rush, J., & Hofer, S. M. (2014). Differences in within- and between-person factor structure of positive and negative affect: Analysis of two intensive measurement studies using multilevel structural equation modeling. Psychological Assessment, 26(2), 462--473. doi: 10.1037/a0035666

Comment 14: P10, 224: Could the authors say more about the lack of power they refer here?

Response:

We thought this was the case because of the fewer degrees of freedom the nlme() output reports for between-subject effects, compared to cross-level interactions. Revisiting the power analyses tables of rush and hofer (2014), which shows similar power for the two effects, we don't feel confident with this statement anymore and removed it.

Comment 15: P10 230: I think it would be useful if the authors provided their rationale for using these contrasts here. Why not contrasting both groups of S allele carriers from the homozygous L allele carriers?

Response:

We added the italicized parts to the paragraph:

"The trichotomous genotype was recoded into two Helmert contrasts in concordance with Gunthert et al. (2007): One contrast represents the mean difference between the L/L and the pooled S-carriers, with a positive sign indicating a larger association for the S-carriers. This contrast tests for the most common assumption that the S-allele is dominant. The other contrast represents the mean difference between the L/S- and the S/S-carriers, with a positive sign indicating a larger association for the S/S-carriers. This contrast tests for the additional possibility that the effect of the S-allele is additive (see Supplemental Methods 2 for details). In many previous studies, the comparison between the L/L-carriers and the carriers of at least one S-allele has been the central contrast of interest, while the contrast between L/S and S/S carriers is often not reported (van Ijzendoorn, Belsky & Bakermans-Kranenburg, 2012)."

Comment 16: P11: Was there an association between genotype and variability on affect and daily experience variables?

Response: We did not test this for this association, because Dejonckheere et al. (2019) demonstrated comprehensively (and in our opinion very convincingly) that indices of variability do not contain additional information above the person mean and the association between person means and genotype was clearly not significant (p \> .80).

Dejonckheere, E., Mestdagh, M., Houben, M., Rutten, I., Sels, L., Kuppens, P., & Tuerlinckx, F. (2019). Complex affect dynamics add limited information to the prediction of psychological well-being. Nature Human Behaviour. doi: 10.1038/s41562-019-0555-0

Comment 17: P11, 262, minor: "Compared to" might fit better here than "instead".

Response: We changed it accordingly

Comment 18: P13, 299-305 (minor): This paragraph is not very precise and therefore not easy to read (beginning: do you refer to one or more associations?). No difference on what? ... more susceptible to what? From the context, one can figure out what you mean, but complete and more precise formulations would help.

Response: We changed the paragraph accordingly. Changes are italicized:

"The 5-HTTLPR moderated the within-person association between positive affect and both stressors and uplifts (Table 2). The association was strongest for L/L-carriers: Their The positive affect of L/L carriers was significantly more positively related to uplifts and more negatively related to stressors compared to S-carriers (Figure 2). There was no further reliable difference between L/S- and S/S-carriers in the association between positive affect and stressors or uplifts (Table 2). 5-HTTLPR genotype explained 5.76% and 4.73% of variance in reactivity slopes, respectively. In sum, these results corroborate that the 5-HTTLPR is a differential susceptibility factor, with L/L-carriers being more susceptible to environmental influences than carriers of the S-allele"

Comment 19: Results, general point: The effects, particularly that of testing differential susceptibility, is rather small. Did the authors expect an effect of this size, and do they consider it relevant nevertheless? I think it would be important that the authors commented on the effect sizes.

Response: We added the following to the limitations:

"Last, although the effect sizes were reasonable for genetic studies on single polymorphisms, they are not large in absolute terms. Nevertheless, the main purpose of the present study was to test the theory that individual variability in the serotonin system is related to differential susceptibility. Searching for reliable effects of serotonergic genes is likely currently the only viable approach to test this theory in humans in daily life even if these effects are small"

Comment 20:

The discussion is relatively brief, if the piece on false positives is not counted. I would have hoped for a more elaborate discussion of the specifics of what the authors have actually studied.

The study period was quite brief, and similar studies collecting binary indications of daily events have occurred find relatively few such events, particularly negative ones, with a sizable portion of the sample report no negative events at all within a 4- or 5-day period. Are the authors convinced that all participants experienced clearly positive and negative events during the 4 or 5 days? This may point to the possibility that what was studied here was not necessarily emotional reactivity to events, in the sense of significant responses with an adaptive goal, but rather mild fluctuations of positivity as a function of relatively ordinary experiences. Some situations may be evaluated as more or less positive or negative, without representing a challenge or opportunity that would deserve a specific response. The average of uplifts and stressors seem clearly above 0, but given that participants probably reported with a finger on a smartphone display (not sure that this is how it was done), it may still be that much of the ratings at the lower 10-20% of the scale range may represent indications of no major event occurring. At least this is the experience we're making with these kinds of tools.

All these possibilities may or may not have led to an attenuation of the "real" moderator effects. It could be interesting to see whether setting the threshold for registering an event to a value above the lowest 25% of the VAS would yield the same results.

Response: For the present study, we were indeed especially interested in minor events, which can happen on a day to day basis in different degrees. We added the following italicized passage to the introduction to make this clearer:

"EMA methods are capable of measuring even minor daily experiences which often have a higher predictive utility than major life events and are the main target in the present study"

Also, the following sentence was added to the limitations for a previous comments:

"Also, binary indicators might not be sufficiently sensitive to capture minor stressors, which we specifically aimed for in our study"

Including the text added due to the review comments, the discussion now has over 1600 words and is relatively long, compared with similar genetic papers. We do think that the discussion on false positives in candidate gene studies is an integral part, which should be counted. It addresses the most consistent and prominent response we received when presenting this research.

Comment 21: P18, 390 (minor): Although the authors note that they expect stronger associations for s allele carriers in the intro, it was not too clear to me that they did have this expectation since it is not marked clearly as a hypothesis.

Response: We exchanged the word "expected" for "hypothesized" to make this clearer.

Comment 22: P19, top: the reference to the dynamic system is unclear. I suggest that the authors either provide more detail about it, or delete the reference. In the next sentence, it is not clear what levels the authors refer to. Generally, I think this sentence must be rewritten. I think I know what they authors mean, but the sentence lacks precision and sufficient information for the reader less familiar with the topic.

Response: We tried to make the sentence clearer:

"In contrast to most studies on the 5-HTTLPR, the main purpose of our study was to investigate environmental reactivity as a dynamic system and focus on a within-person effectslevel. Expecting within- and between-person that these two levels analyses must yield the same results constitutes a so-called ecological fallacy andas the necessary assumptions of this equality which equate the two levels are rarely met "

Comment 23: General remark about the discussion: I find it important and interesting that the authors try to connect these results with other phenomena related to emotional adaptation and adjustment, and patterns of emotion patterns. However, this research did not examine flexibility or emotion patterns, and sometimes the authors risk to be overly speculative. Also, the cover a large number of different topics, each one hinting at some research and touching those only very superficially. Several parts of the discussion are therefore accessible only to the readers deeply familiar with the topic. Less (with more detail) would be more here.

Response: We think the reviewer makes an important point in that this ad-hoc hypothesis to explain the surprising results needed to express more caution. We added the following to the paragraph:

"Still, more research is needed to support this possible explanation as our study design is not sufficient to link environmental reactivity with adaptive emotional functioning"

Because it is only an ad hoc explanation which needs more research, we tried not to give it too much space in the discussion, but rather point it out as a possibility. We had several clinical colleagues without prior knowledge in the area read it and are now relatively confident that the main point is understandable to this group.

Comment 24: The following papers may be relevant to this study.

Schoebi, D., Way, B. M., Karney, B. R., & Bradbury, T. N. (2012). Genetic moderation of sensitivity to positive and negative affect in marriage. Emotion, 12(2), 208.

Haase, C. M., Saslow, L. R., Bloch, L., Saturn, S. R., Casey, J. J., Seider, B. H., \... & Levenson, R. W. (2013). The 5-HTTLPR polymorphism in the serotonin transporter gene moderates the association between emotional behavior and changes in marital satisfaction over time. Emotion, 13(6), 1068.

Response: We read both papers and think that particularly the first paper is informative for our study. We added it to the introduction.
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Dear Mr. Sicorello,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Thank you for your careful revision of your manuscript, taking most points of the reviewers into account.

As you can see below, the two reviewers have some remaining points and one of them raises that your revision was not yet satisfactory in addressing their concerns.

I invite you to revise your manuscript addressing specifically the points of reviewer \#1 on referring to literature on the relationship between personality and differential susceptibility and clarifying your aim regarding personality versus individual differences in susceptibility; regarding point (3), the additional analyses for the genotype rs25531: if you cannot do those analyses in the near future due to closed labs, I recommend you explaining that in your manuscript, if you can do those analyses within the next weeks, you should add the results to the manuscript.

Regarding reviewer \#2\'s comments: the point about a-priori power analysis and post-hoc power calculation is well made, using another publication\'s effect size to calculate an a-priori sample size would be appropriate, so this should be amended in the manuscript; also, some clarification around the wording for dynamic systems/reactivity would be helpful. 

We would appreciate receiving your revised manuscript by Jun 25 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Hedwig Eisenbarth

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Thank you for your careful revision of your manuscript, taking most points of the reviewers into account. Your revised version has improved significantly, however, there are some remaining points that need to be addressed.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: 1. There has been, to our knowledge, no attempt to develop a theory which systematically links trait measures like the big five to the concept of differential susceptibility. In the big five models of context sensitivity we are aware of, neuroticism is related to negative and extraversion to positive sensitivity (e.g. Larsen & Ketelaar, 1991). Past attempts to relate big five measures to differential susceptibility have not been successful (e.g. Slagt et al., 2015). Therefore, we think adding to this literature necessitates are more comprehensive paper based on a plausible theoretical framework.

There is abundance of literature showing that personality traits are related to differential susceptibility. No matter what the authors mean with "differential susceptibility" if they mean variability in mood (states) or susceptibility to psychopathology. Neuroticism is defined a s a trait related to the predisposition to be "moody" and there is clear proneness for anxiety or affective disorders (e.g. De Moor et al., 2015).

2\. A meta-analysis of large-scale genome-wide association studies reported no association between big five personality traits and serotonergic genes, including the 5-HTTLPR (Lot et al., 2017). Therefore, we think there is currently no sufficient basis to include personality measures in a paper that focuses on the 5-HTTLPR.

Bad argument, sorry. You are not aiming to demonstrate an association between 5-HTTLPR and personality. You aim to explain variance in susceptibility. If predictors are uncorrelated this is a clear advantage for explaining additional variance in your dependent variable.

3\. The authors should in addition genotype for rs25531 which would allow a triallelic approach in evaluating their data. This is nowadays common standard in the analysis 5-HTTLPR.

Response: We would like to refrain from additional genotyping, for two reasons, and hope this is acceptable. The first one is practical; due to the current situation caused by the Corona virus, our laboratories have been shut, and it is unclear when we can resume our work. Second, although in vitro gene expression studies have shown that the G allele within the 5-HTTLPR l-allele was associated with lower 5HTT expression (Hu 2006), this finding has not been consistently replicated (Martin 2007). Furthermore, in other studies, examination of triallelic variation did not modify the results (e.g., Huezo-Diaz 2007, Steiger 2009, Wüst 2009).

As I already said, the triallelic approach is common standard when genotyping for 5-HTTLPR. Technically, you can run this in the same analysis, with the exception with an enzymatic digestion in-between. I am confident that the laboratories will open soon. And one person alone can conduct the analyses safely alone in the lab.

Reviewer \#2: I think the authors did a great job responding to my comments.

I only have two additional comments, which the authors may consider:

1\. Regarding (a priori) power analysis (or not)/ comment 10: I my first review, I misread the relevant section, and I think this was for a good reason (or logic). If there were prior genetic studies on the same effect (Gunthert et al), then why not using those data for an a priori power analysis - just as the authors seem to have done post hoc? That would seem possible to me, and that\'s why I mistakenly thought an a priori power analysis has been done. Besides, if not for using information of a prior study for a power analysis, I don\'t see how a prior study can inform about what sample size to aim for.

2\. (referring to my comment 22): Regarding this and some of my other comments on the discussion, the authors seem to have a slightly different opinion, in some instances, on where and how to set the emphasis, which is fair enough and totally ok for me. The one minor point where I think it is worth giving it another thought is their reference to investigate reactivity as a dynamic system. I totally agree about the importance of testing such effects on the within-subject level. But I\'m not sure it is clear what they investigated as a dynamic system. Reactivity is dynamic per definition, so this sentence seems a little tautological.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Dominik Schöbi

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0237001.r004

Author response to Decision Letter 1

19 May 2020

Reviewer \#1:

Comment 1: There is abundance of literature showing that personality traits are related to differential susceptibility. No matter what the authors mean with "differential susceptibility" if they mean variability in mood (states) or susceptibility to psychopathology. Neuroticism is defined a s a trait related to the predisposition to be "moody" and there is clear proneness for anxiety or affective disorders (e.g. De Moor et al., 2015).

Response:

We do not share the Reviewer's assessment of an abundant literature linking neuroticism to differential susceptibility. „Susceptibility to psychopathology" reflects the concept of vulnerability, which is distinct from differential susceptibility. There is a sound theoretical basis for the differential susceptibility concept (Belsky, 1997; Belsky et al., 2007; Pluess, 2015), and this theory represents the basis of our study. As outlined in the introduction of our paper, the concept of differential susceptibility was developed to show there are different patterns of reactivity to different environmental circumstances, which go beyond the concept of vulnerability. Differential susceptibility addresses predisposing factors which increase the susceptibility to both negative and positive events. While neuroticism surely is positively related to the vulnerability to negative events (Ormel et al., 2013; Shackman et al., 2016), we are not aware of compelling evidence showing that neuroticism also leads individuals to profit more from positive events, which is -the core of differential susceptibility theory. For example, individuals high in neuroticism show lower increases of positive affect in experimental inductions of positive mood (Larsen & Ketelaar, 1991), which is in agreement with Gray's (1981) neuroticism model. Specifically in the EMA context, the negative affect of individuals high in neuroticism is more sensitive to negative, but not positive events (for a well-powered example see Longua et al., 2009).

Belsky, J. (1997). Theory Testing, Effect-Size Evaluation, and Differential Susceptibility to Rearing Influence: The Case of Mothering and Attachment. Child Development, 68(4), 598. <https://doi.org/10.2307/1132110>

Belsky, J., Bakermans-Kranenburg, M. J., & van IJzendoorn, M. H. (2007). For better and for worse: differential susceptibility to environmental influences. Current Directions in Psychological Science, 16(6), 300--304. <https://doi.org/10.1111/j.1467-8721.2007.00525.x>

Gray, J. A. (1981). A critique of Eysenck\'s theory of personality. In H. J. Eysenck (Ed.), A model for personality (pp. 246-276). New York: Springer.

Larsen, R. J., & Ketelaar, T. (1991). Personality and Susceptibility to Positive and Negative Emotional States. Journal of Personality and Social Psychology, 61(1), 132--140. <https://doi.org/10.1037/0022-3514.61.1.132>

Longua, J., DeHart, T., Tennen, H., & Armeli, S. (2009). Personality moderates the interaction between positive and negative daily events predicting negative affect and stress. Journal of Research in Personality, 43(4), 547--555. <https://doi.org/10.1016/j.jrp.2009.02.006>

Ormel, J., Jeronimus, B. F., Kotov, R., Riese, H., Bos, E. H., Hankin, B., Rosmalen, J. G. M., & Oldehinkel, A. J. (2013). Neuroticism and common mental disorders: Meaning and utility of a complex relationship. Clinical Psychology Review, 33(5), 686--697. <https://doi.org/10.1016/j.cpr.2013.04.003>

Pluess, M. (2015). Individual Differences in Environmental Sensitivity. Child Development Perspectives, 9(3), 138--143. <https://doi.org/10.1111/cdep.12120>

Shackman, A. J., Tromp, D. P. M., Stockbridge, M. D., Kaplan, C. M., Tillman, R. M., & Fox, A. S. (2016). Dispositional negativity: An integrative psychological and neurobiological perspective. Psychological Bulletin, 142(12), 1275--1314. <https://doi.org/10.1037/bul0000073>

Comment 2: Bad argument, sorry. You are not aiming to demonstrate an association between 5-HTTLPR and personality. You aim to explain variance in susceptibility. If predictors are uncorrelated this is a clear advantage for explaining additional variance in your dependent variable.

(referring to our previous response: "A meta-analysis of large-scale genome-wide association studies reported no association between big five personality traits and serotonergic genes, including the 5-HTTLPR (Lot et al., 2017). Therefore, we think there is currently no sufficient basis to include personality measures in a paper that focuses on the 5-HTTLPR.)"

Response:

We assumed the reviewer was suggesting that neuroticism might mediate the effect of 5-HTTLPR on differential susceptibility. We agree, as the reviewer was not suggesting this relationship, our argument of no association between serotonergic genes and personality does not apply.

The aim of our study was to test the hypothesis that specifically the 5-HTTLPR is related to individual differences in differential susceptibility. As noted in the introduction and discussion, this hypothesis is embedded in the larger theory of the role of the serotonin system. It was not the aim of our study to find predictors which explain large amounts of variance in differential susceptibility. Single polymorphisms are known to explain only small amounts of variance, which are not practically meaningful for prediction, further highlighting the inconsistency between these two aims. We added the following phrase in response to a comment of the previous round of reviews, which makes this explicit:

"Last, although the effect sizes were reasonable for genetic studies on single polymorphisms, they are not large in absolute terms. Nevertheless, the main purpose of the present study was to test the theory that individual variability in the serotonin system is related to differential susceptibility"

Taken together, we still believe there is an insufficient basis to include a predictor of no interest (i.e. neuroticism) which is empirically unrelated to our predictor of interest (i.e. 5-HTTLPR) and has no clear straight-forward relationship to the outcome of interest (i.e. differential susceptibility; see response to comment 1).

Comment 3:

As I already said, the triallelic approach is common standard when genotyping for 5-HTTLPR. Technically, you can run this in the same analysis, with the exception with an enzymatic digestion in-between. I am confident that the laboratories will open soon. And one person alone can conduct the analyses safely alone in the lab.

Response: Unfortunately, we are currently still in no position to repeat those analyses. We added the following paragraph to the discussion:

„A further limitation is that we did not genotype1 for rs25531 A/G SNP within the 5-HTTLPR repetitive element, which has been reported to render the G allele within the l allele transcriptionally less efﬁcient (Wendland 2006), a finding that has not been consistently replicated (Martin 2007)"

1Footnote: Reanalysis of the available DNA samples was not possible due to Corona-associated lab closure.

Reviewer \#2: I think the authors did a great job responding to my comments.

I only have two additional comments, which the authors may consider:

Comment 1.1: Regarding (a priori) power analysis (or not)/ comment 10: I my first review, I misread the relevant section, and I think this was for a good reason (or logic). If there were prior genetic studies on the same effect (Gunthert et al), then why not using those data for an a priori power analysis - just as the authors seem to have done post hoc? That would seem possible to me, and that\'s why I mistakenly thought an a priori power analysis has been done.

Response:

First, we changed the following sentence to clarify that we did not conduct an a priori power analysis before data collection to determine the sample size (changes in italics): "As such data was not available, our sample size was based on the sample size of other genetic EMA studies on the same effect (e.g. \[33\])."

We also started a new paragraph after this sentence, to highlight the difference between sample size decision and post hoc power analysis.

For power estimation in linear mixed models, information are necessary on both (a) the expected effect size and (b) the expected covariance structure. While we were able to calculate a standardized effect size from Gunthert et al., the extraction of the covariance structure would not have been possible with the information given in the paper and would likely not be meaningful due to differences in the sampling plan. We tried to express this with the following sentence:

"To estimate the appropriate sample size for effect detection in EMA studies, prior data with a similar design are necessary \[39\]. As such data was not available, sample size was based on other genetic EMA studies on the same effect (e.g. \[33\])" \[method section\]

Therefore, we combined the previous effect size by Gunthert et al. with the empirical covariance structure of our design. We tried to express this more specifically in the results section (which we refer to in the method section on power for further detail):

"we tested the statistical power of our design based on our empirical covariance structure and the effect sizes reported by Gunthert et al. \[33\]. \[...\] We followed the procedure described in Green and Macleod \[49\]" \[results section\]

Notably, in hindsight, it would have been possible to simulate a range of plausible true covariance structures and determine a power range before data collection. Unfortunately, we did not consider this approach at the time of study planning.

Comment 1.2: Besides, if not for using information of a prior study for a power analysis, I don\'t see how a prior study can inform about what sample size to aim for.

Response:

We wrote: "A simulated post-hoc power analysis based on our empirical data indicated a power of 61.70% to detect a previously reported effect size \[33\]"

The term "post-hoc power analysis", as we are familiar with it, refers to the estimation of power, given that all other relevant parameters are fixed (i.e. sample size, alpha level, effect size, and covariance structure) and therefore does not provide a means of sample size estimation, but rather a means to indicate what the power of a given study has to detect an effect size of interest.

This is substantially inferior to an a priori power analysis for sample size estimation, but we included it nevertheless, as prior reviewers consistently expressed the need to give some indication of achieved statistical power for reasonable effect sizes, due to the ongoing discussion concerning limited power in candidate gene studies.

2\. (referring to my comment 22): Regarding this and some of my other comments on the discussion, the authors seem to have a slightly different opinion, in some instances, on where and how to set the emphasis, which is fair enough and totally ok for me. The one minor point where I think it is worth giving it another thought is their reference to investigate reactivity as a dynamic system. I totally agree about the importance of testing such effects on the within-subject level. But I\'m not sure it is clear what they investigated as a dynamic system. Reactivity is dynamic per definition, so this sentence seems a little tautological.

If we are correct, the phrase the reviewer points towards is in the introduction (we hope we didn't overlook a similar phrase in the discussion): "However, both differential susceptibility and the vulnerability to stressors are the property of a dynamic system that only manifests over time".

We completely agree that reactivity is dynamic per definition. This is what we try to express with this sentence. Unfortunately, most studies on differential susceptibility relied on cross-sectional between-person correlations to still draw conclusions for reactivity. We tried to highlight this in the phrase before the dynamic system reference: "Inconsistent findings in this area might be partly due to the fact that the overwhelming majority of studies attained cross-sectional data, and correlations were usually computed on a between-person level (e.g. \[18\])"

Thus, while we ourselves entirely agree with you and find this statement to be self-evident, we included it because we are under the impression this is not clear to most parts of the literature which our study is based on.

If the reviewer finds this explanation insufficient, we are of course open for further comments and suggestions.
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Click here for additional data file.
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PLOS ONE

Dear Dr. Sicorello,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

I\'m very sorry for the delay of this process, but I wanted to get an additional view as the two reviewers differed in their view. Can I please ask you to address/answer the two questions of reviewer \#3, please?

Please submit your revised manuscript by Aug 18 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Hedwig Eisenbarth

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: I think the authors addressed my earlier comments appropriately. I thought my fellow reviewer pointed out other potentially important issues.

Reviewer \#3: I was asked to review this manuscript, while not being involved in the previous revisions. I honestly have to say I started out skeptical, due to the current state of the field with regard to candidate gene studies. However, I was pleasantly surprised. I think the authors did a great job in rigorously testing the hypotheses, and were very nuanced and complete in interpreting their findings. This included discussing the limitations, but also the controversies surrounding candidate gene studies.

I was a bit hesitant with regard to the difference scores that were used to test differential susceptibility. I think these scores have many problems, as the authors also state in their Discussion. The analyses split for events and affect provide much more insight into the mechanisms. I am also not convinced that averaging the event scores is the best solution, as certain events may be more impactful than others. However, given the state of the manuscript and potential issues with multiple testing, I will not ask for different analyses.

I have two remarks/questions:

\(1\) the authors use a three-level model (moment, day, person); did they check whether the second (day) level was required? I could not find whether the study period included week days only or also weekend days.

\(2\) I agree with reviewer 1 that the tri-allelic approach is preferable, so if it would be possible, this would be nice to add. However, I can also imagine that labs are still not working on full speed currently.

Finally, I would like to stress that I think that pre-registration and direct replication is essential in these studies, and I would advise the authors to do this next time. Particularly in this field, pre-registration may help to solve the inconsistencies in previous work.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

Reviewer \#3: **Yes: **Eeske van Roekel

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 2

13 Jul 2020

Reviewer \#3: I was asked to review this manuscript, while not being involved in the previous revisions. I honestly have to say I started out skeptical, due to the current state of the field with regard to candidate gene studies. However, I was pleasantly surprised. I think the authors did a great job in rigorously testing the hypotheses, and were very nuanced and complete in interpreting their findings. This included discussing the limitations, but also the controversies surrounding candidate gene studies.

I was a bit hesitant with regard to the difference scores that were used to test differential susceptibility. I think these scores have many problems, as the authors also state in their Discussion. The analyses split for events and affect provide much more insight into the mechanisms. I am also not convinced that averaging the event scores is the best solution, as certain events may be more impactful than others. However, given the state of the manuscript and potential issues with multiple testing, I will not ask for different analyses.

Response:

We thank the Reviewer for her critical and at the same time validating comments concerning our manuscript. We will respond to the individual comments below:

Comment 1

the authors use a three-level model (moment, day, person); did they check whether the second (day) level was required? I could not find whether the study period included week days only or also weekend days.

Response:

We added the following information to the method section:

"Assessments always started on a Thursday to sample both working days and weekend days in a similar frequency"

"A likelihood ratio test for an intercept-only model with mood as the dependent variable indicated that including the day level increased model fit significantly (χ²(1) = 55.34, p \< .001; 46.6% variance between participants, 11.7% between days, and 47.7% between measurement occasions)"

Comment 2

I agree with reviewer 1 that the tri-allelic approach is preferable, so if it would be possible, this would be nice to add. However, I can also imagine that labs are still not working on full speed currently.

Response:

There are two issues regarding genotyping of rs25531. First, as the reviewer pointed out, our University is still running on a limited scale and our lab is currently allowed to work with 50% capacity only. There is still a major backlog of time-critically funded studies. Therefore, the re-analysis of this sample could unfortunately not be accomplished in the foreseeable future.

The second reason are doubts surrounding the effects of rs25531 on 5HTT expression. In 2007, Martin et al. comprehensively analyzed 55 SNPs in 100 kb surrounding the SLC6A4 gene regarding their effect on gene expression. In addition to the VNTR („5HTTLPR"), two other SNPs (both with low minor allele frequency) had a significant effect, but not rs25531.

\<Figure from Martin et al. (2007) is shown in the submitted document \"ResponseToReviewers\". Caption: Mapping regulatory variants for the serotonin transporter gene based on allelic expression imbalance. Mol Psychiatry.

We hope these reasons, as well as their acknowledgment in the limitations section, are acceptable.

Comment 3:

Finally, I would like to stress that I think that pre-registration and direct replication is essential in these studies, and I would advise the authors to do this next time. Particularly in this field, pre-registration may help to solve the inconsistencies in previous work.

Response:

We entirely agree with the reviewers' comment and are continuously working to improve our reproducibility and replicability practices.
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Dear Dr. Sicorello,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Hedwig Eisenbarth

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#3: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#3: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#3: **Yes: **Eeske van Roekel
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Dear Dr. Sicorello:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Hedwig Eisenbarth

Academic Editor

PLOS ONE
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